Experimental Methods
the alternating current was set at 10 mV. Photocurrent-voltage performance of the DSSCs was conducted in simulated AM 1.5 illumination (I= 100 mW cm −2 , PEC-L15, Peccell, Yokohama, Japan) with a Keithley digital source meter (Keithley 2601, Cleveland, OH).
Identification of core and shell in heterojunction carbon nanofiber
PCNF, 0.15-HCNF and 1-HCNF have the similar surface conditions (porosity properties, I D /I G and N content). By contrast, when HP is added, an inner fiber is found. To further confirm the core and shell structure, 1-HCNF is selected and treated by KOH at 700 o C for 1 h in flowing N 2 atmosphere, and then we successfully get naked core fiber. The composition of shell and core in 1-HCNF are characterized by EDX (TEM), and we find that only 1 % (atomic ratio) N is existed in core, whereas more than 9 % (atomic ratio) is existed in the shell.
This result clearly demonstrates that, in such heterojunction carbon nanofibers, the core and shell are mainly constructed from HP and PAN, separately.
Density functional theory calculations of binding energy between PAN units and different pitch molecules
All theoretical calculations were carried out at the B3LYP/6-31g+ level of DFT using Gaussian 09 package 1 . Large polyaromatic hydrocarbon molecules were constructed to represent HP and raw pitch molecules. The binding energy between different pitches and PAN units was calculated by the equation: E (HP or P) =E 1 +E 2 -E total , in which E 1 , E 2 , E total were the electronic energies for the pitch fragments, the PAN unit electronic energy, and the total electronic energies between different pitches and PAN units, respectively. The calculation results were shown in Figure 3 , of which basis set superposition error (BSSE) has been considered in calculation. selected and calculated by the same method (E P ). In two PAN units system, the number of E HP is 5.6 kcal mol -1 , which is 1.3 kcal mol -1 higher than that of E P . Although, a stronger interaction between HP and PAN molecules are observed, such number does not make us believe that the interaction between PAN and HP molecules is strong enough to hinder the migration of HP to the outer surface during the solvent evaporation process. Therefore, to further reveal these two intermolecular interactions, three PAN units are applied in this system and the results are shown in Fig. 3 c-d . After the addition of PAN unit, an increase of 25 % for E HP is observed, which reaches to 7.0 kcal mol -1 . The newly formed hydrogen bonding between aliphatic hydrogen in HP molecular and cyano group in PAN units is responsible for this remarkable increase, and such result indicates that the E HP in the real experiment process would be much higher than this calculated number, since one PAN molecular consists of hundreds of such units and the HP molecular is always wrapped by several PAN long chain molecules. By contrast, the number of E P is only slightly increased from 4.3 to 4.4 kcal mol -1 . No new bonding is observed between PAN units and pitch molecular. As a result, compared with the pitch with no hydro-treatment, HP molecules could be more easily fixed by PAN units for the strong binding caused by the multi-interaction between aliphatic hydrogen and cyano groups. Therefore, a kind of heterojunction core-shell structure is finally fabricated, in which the core is attributed to HP molecules while the shell is attributed to PAN molecules. 
